Introduction
Adenosquamous carcinoma (ASC) of the stomach is a rare malignancy, accounting for <1% of all gastric carcinomas [1] [2] [3] [4] , and is characterized by a mixture of two components: adenocarcinoma and squamous cell carcinoma. In the adenocarcinoma component, the differentiated type is more frequently observed than the poorly differentiated type [1, 2, 5] , and the clinicopathological features of this tumor are dependent on the histological type of the adenocarcinoma component [5] . On the other hand, lymph node and liver metastases are frequently observed in ASC, and these metastases also tend to be found in advanced stages at diagnosis [1] [2] [3] [4] [5] [6] [7] ; hence, this malignancy seems to a have a poorer prognosis than conventional gastric adenocarcinoma [1, 5] .
Human epidermal growth factor receptor-2 (HER2), a membrane-associated receptor with an intracellular tyrosine kinase domain, dimerizes with other HER family members and mediates signal transduction pathways linked to cell growth and survival. HER2 is overexpressed in approximately 20% of gastric adenocarcinoma cases and is considered a key therapeutic target for HER2-positive gastric adenocarcinoma. In the Trastuzumab for Gastric Cancer (ToGA) trial, trastuzumab, a monoclonal antibody targeting HER2, significantly improved overall survival when combined with chemotherapy in the treatment of advanced HER2-positive gastric adenocarcinoma [8] . However, to date, there are no reports regarding immunoreactivity for HER2 and its role as a therapeutic target in gastric ASC.
Here, we report a patient with gastric ASC with HER2 overexpression who achieved a dramatic durable response with trastuzumab-based chemotherapy, presumably because of strong HER2 immunoreactivity in the tumor. The findings of the present report warrant further investigation to clarify the role of HER2 in this rare tumor.
Case Report
A 66-year-old man was referred to our hospital with a diagnosis of gastric adenocarcinoma. Upper gastrointestinal endoscopy revealed type 3 advanced gastric cancer of the lesser curvature of the upper to lower gastric body ( fig. 1a , b), and histological analysis of biopsy samples showed poorly-differentiated adenocarcinoma. Serum concentrations of carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) were highly elevated (86.8 ng/ml and 6,970 U/ml, respectively). An abdominal CT scan revealed thickening of the gastric wall and enlargement of the abdominal lymph nodes, but no evidence of distant metastasis. A total gastrectomy with lymph node dissection (D2) was performed with a curative intent. In the postoperative period, the patient developed a pancreatic fistula with a subphrenic abscess, which was subsequently drained.
A macroscopic examination revealed a type 1 protruded lesion occupying the lesser curvature of the gastric body, measuring 87 × 82 mm at its largest dimensions, which invaded beyond the serosal layer. A pathological diagnosis of the resected ASC specimens showed that it was composed of a mixture of adenocarcinoma and squamous cell carcinoma components ( fig. 2a, b ). Both components were moderately differentiated; the adenocarcinoma component showed tubular structures and the squamous cell carcinoma component showed partly differentiated keratinizing cells. The individual components constituted nests adjacent to one another. Venous and lymphatic invasion were identified (v3 and ly2, respectively). Metastatic lesions were identified in 6 of 49 dissected lymph nodes, in which only an adenocarcinoma component was observed. According to the 14th edition of the Japanese Classification of Gastric Carcinoma [9] , the cancer was graded as T4aN2M0 (stage IIIB). Immunohistochemical staining for the membrane-bound HER2 protein using a polyclonal antibody (HercepTest TM ; Dako A/S, Glostrup, Denmark) showed that both the squamous carcinoma and adenocarcinoma components of the primary tumor were strongly positive (score, 3+) for HER2 ( fig. 2c, d) . A high level of HER2 gene amplification in both components was also detected by dual-color chromogenic in situ hybridization (INFORM HER2 Dual ISH; Ventana Medical Systems Inc., Oro Valley, Ariz., USA) ( fig. 2e , f). About 2.5 months after curative surgery, an abdominal CT scan showed multiple metastatic lesions in the bilateral lobes of the liver (fig. 3a ). The serum concentrations of CEA and CA19-9 increased to 669.6 ng/ml and 7,380 U/ml, respectively. Systemic treatment with capecitabine (2,000 mg/m 2 , days 1-14), cisplatin (80 mg/m 2 , day 1), and trastuzumab (8 mg/kg dose-loading followed by 6 mg/kg, day 1) was initiated every 21 days. After 3 treatment cycles, all metastatic liver lesions had regressed ( fig. 3b ) and a partial response (PR) was confirmed after 6 cycles ( fig. 3c ). After confirmation of a PR, the patient was maintained on combination chemotherapy with capecitabine and trastuzumab. The levels of all tumor markers were within normal limits 9 months after chemotherapy initiation. PET and CT scans performed 13 months after chemotherapy initiation revealed no uptake in the metastatic liver lesions ( fig. 3d ). Thereafter, maintenance therapy with trastuzumab alone was started and the PR was maintained for 16 months after initiation of chemotherapy.
Discussion
To our knowledge, this is the first report of HER2-positive ASC successfully treated with trastuzumab-based combination chemotherapy. Several hypotheses for the origin of a squamous cell carcinoma component in ASC have been proposed: (1) squamous metaplasia of a pre-existing adenocarcinoma [1, 2, 5, 10]; (2) oncogenic transformation of metaplastic or ectopic squamous cells [4] , and (3) stem cell differentiation into both adenocarcinoma and squamous cell carcinoma [11, 12] . Accumulating evidence supports the first hypothesis. First, although the occurrence of metaplastic or ectopic squamous epithelium is extremely rare, neither can explain the coexistence of an adenocarcinoma component. Second, ASC is most often diagnosed at an advanced stage of disease [10] , and the squamous cell carcinoma component is often located in a deeper layer than the adenocarcinoma component [2] . In a study by Mori et al. [10] , ASC was exclusively found in 9 (0.9%) of 976 patients with advanced disease, whereas it was not found among 1,028 patients with early-stage disease. Third, independent ultrastructural studies revealed the existence of a single malignant cell containing both secretory vesicles and tonofibrils in ASC [10, 13] . Moreover, independent immunohistochemical studies demonstrated that both components expressed identical levels of the p53 tumor suppressor gene [1, 2] . In our patient, there was no normal squamous epithelium in the surrounding mucosa and both components positively stained for HER2, supporting this hypothesis.
Previous studies indicated that both components can metastasize into a variety of patterns. Lymph node metastasis frequently occurs with an adenocarcinoma pattern [1, 7] and occasionally with both components [1, 10, 13, 14] . Lee et al. [1] reported that metastatic lymph nodes were composed of only the adenocarcinoma components in 9 (64.3%) of 14 cases, whereas both components and only the squamous cell carcinoma component were found in 3 and only 1 patient, respectively [1] . Consistent with this observation, metastatic lymph nodes in our patient consisted of only the adenocarcinoma component. Recently, Saito et al. [2] reported that the Ki-67 index in the adenocarcinoma component was higher than that in the squamous cell carcinoma component in all 8 patients examined, further supporting these findings. Regarding other metastatic sites, some previous studies reported that the adenocarcinoma component was predominant [6, 7] ; however, others found both components [5, 14, 15] . Mori et al. [5] found that both components existed in almost all metastatic lesions at autopsy in 9 patients. In the present case, the tumor was strongly positive for HER2 in both components; therefore, it was not of therapeutic significance to examine which component type had metastasized to the liver.
ASC is often diagnosed as advanced or recurrent disease; therefore, the majority of patients may be candidates for systemic chemotherapy. In several case reports, systemic chemotherapy, such as S-1 [16] , paclitaxel [15, 17] , or irinotecan plus cisplatin [18] , has been reported as an effective treatment for advanced ASC; however, no standard chemotherapy has been established for ASC because of its rarity. We selected trastuzumab-based chemotherapy due to the fact that this tumor was clinicopathologically similar to classical adenocarcinoma, even though the clinical prognosis is different between these two types of tumors [5] . The durable response achieved in our patient can be attributed to the strong immunoreactivity of HER2 and high-level HER2 amplification in both the adenocarcinoma and squamous cell carcinoma components. Considering that the differentiated type is more common in the adenocarcinoma component [1, 2, 5] , and that HER2 overexpression is more frequently observed in the intestinal type of gastric adenocarcinoma [19] , further studies to evaluate the rate of HER2-positivity and its clinical significance in ASC are warranted.
In summary, we reported a patient with HER2-positive ASC who achieved a durable PR after administration of trastuzumab-based combination chemotherapy. Our results indicate that trastuzumab is an effective treatment for ASC as well as gastric adenocarcinoma; in addition, they indicate that HER2 status should be examined in ASC.
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